This paper is a clinicopathological review of patients suffering from intrathoracic neurogenic tumours.
limited aspects of such lesions. It therefore seemed useful to study these tumours in a large series of cases.
The material of St. Antonius Hospital comprised the records of 53 patients who had an intrathoracic neurogenic tumour; with the addition of material from a few other Dutch hospitals data were collected forming a total of 111 cases.
EMBRYOLOGY
The nomenclature of neurogenic tumours is confusing. To understand the various classifications used for these tumours requires a knowledge of certain aspects of development, because many neurogenic tumours contain cells derived from various developmental stages of the nervous system. The so-called neural crest is important in the origin of the peripheral nervous system. This region of the ectoderm situated at the junction of the primordium of the neural tube and the rest of the ectoderm gives rise, by way of a number of intermediate stages, to the ganglion cells of the spinal ganglia and the cerebral nerves, the ganglion cells of the autonomic nervous system, paraganglionic cells of the sympathetic and parasympathetic systems, Schwann and satellite cells, and the cells of the pia mater and the arachnoidea (Harvey and Burr, 1926; Stone, 1929; van Campenhout, 1930;  Harrison, 1937; Rawles, 1947; Du Shane, 1948; Horstadius, 1950) . Since these cells often pass through comparable developments, it is not surprising that various neurogenic tumours often occur in combination, and that various grades of differentiation occur within one tumour. Many classifications of these tumours have been made; but the one put forward by Stout incorporates almost all of the important features of the others (Table I) . The material comprised the data from Ill patients in whom a diagnosis of intrathoracic neurogenic tumour had been made. All the patients had received surgical treatment, so that the macroscopical and microscopical findings were available. The radiographs and the histological preparations were re-examined, and follow-up studies were carried out, in which all the surviving patients were included. Some of the latter patients were examined postoperatively, and the remainder either filled in a questionnaire or were visited at home. The questionnaire included questions about complaints that might be due to a recurrence and whether chest radiographs had been taken recently. When the thorax had been examined either radiologically or fluoroscopically within the year preceding the follow-up, the patient was registered as having no recurrence.
For the patients who had reported themselves to be free of complaints suggestive of a recurrence of the tumour, it was assumed that there had been no recurrence. Although this did not completely preclude the inclusion of a patient with a recurrence in this group, the chance that this had occurred is, we submit, small.
For the deceased patients the cause of death was determined. Three had died as a result of the operation, one during surgery and two post-operatively.
Eight patients had died within a year of the operation as the result of a recurrence. Data for these were obtained from the specialists or general practitioners under whose care they had been.
For the patients who had died before the follow-up, either as the result of a disease unrelated to the neurogenic tumour or of an accident, it could be determined from information obtained from the family or general practitioner whether complaints had been present before death that might point to a recurrence. This was not the case for any of these patients. Consequently, it may be assumed for this group, too, that there had been no recurrence of the tumour (Table II) .
CLINICAL DATA Although neurogenic tumours occur at all ages, they occur predominantly in young adults. They may also be present at birth (Potter and Parrish, 1942; Gagnon, Dupal, and Katyk-Longtin, 1962; Mayo, 1963 The neurogenic tumour in our material occurred with a slightly higher frequency in women than in men (59 women; 52 men). This is in agreement with the data in the literature (Ackerman and Taylor, 1951; Ringertz and Lidholm, 1956; Carey et al., 1960; Diane, 1965; Dor et al., 1965) .
Neurogenic tumours can occur anywhere where there is nerve tissue. Despite the fact that nerve tissue occurs everywhere in the thorax, these tumours are found predominantly at the site of the sympathetic chain and in the path of the spinal and intercostal nerves (Table III) . (Ackerman and Taylor, 1951; Ringertz and Lidholm, 1956 ). In our material there was a predilection for the right side (70 on the right side, 41 on the left). This predilection was more strongly expressed in the benign tumours (Table  III) .
When the neurogenic tumour originated from the sympathetic chain or the spinal nerve, the classic localization in the sulcus costovertebralis was found: this localization was seen in 95 of our patients. The upper part of the posterior mediastinum was more frequently the origin of these tumours than the lower.
With a dorsal localization the tumour may acquire an hourglass shape consisting of an intrathoracic and an intraspinal (sometimes intradural) portion. Intraspinal extension was seen at surgery in nine cases, and five showed a stem-like extension reaching as far as the intervertebral foramen. In the pathway of the intercostal nerves a neurogenic tumour may lie more laterally in the thorax; this was the case in six patients.
In the anterior mediastinum the tumours were less frequent than in the posterior mediastinum. In this region the lesions can originate from either the phrenic or vagus nerves. In addition to the three patients in whom the tumour arose from the phrenic or vagus nerves, a localization in the anterior mediastinum was found in four others. In two of these a tumour was removed from the intrathoracic portion of the vagus nerve, and in one from the phrenic nerve. These are unusual sites. Tumours arising from the small nerve branches along the bronchial tree may result in an intrapulmonary mass; this occurred in three patients in our series.
Neurogenic tumours are usually found by chance in mass chest surveys or on routine examinations for other complaints. Of our 111 patients the tumour was found by chance in 94, 77 of these during a mass survey and 15 on a routine chest radiograph. Malignant tumours were found by chance in seven patients, although, when a detailed history was taken, five were found to have symptoms. In the group with benign tumours the lesion was found by chance in 87. Of these, two were found to have symptoms. The symptoms associated with neurogenic tumours were varied, and were often the result of pressure caused by the tumour. The most frequent complaint was pain, which varied in intensity from a vague sensation of pressure to radicular pain. Dyspnoea and coughing may also occur, and a positive Horner's syndrome was found with some tumours in the upper mediastinum. Neurological signs were seldom evident, probably because of a certain selection: patients with neurological complaints were usually referred to the neurologist.
For the malignant tumours, general complaints were frequently found in the form of fever and a feeling of being ill. Of the two patients with a (Table IV) .
RADIOLOGICAL FINDINGS
Radiography is important in the diagnosis of neurogenic tumours (Buschmann and Willich, 1965; Le Brigand, Merlier, Wapler, Verley, and Carpentier, 1965) . A characteristic picture was generally found. On the postero-anterior radiograph of the thorax the classic case showed a paramediastinal, usually homogeneous, radiopacity with sharply defined borders. Medially, this shadow extended into that of the mediastinum. The shape of the shadow was usually roughly round. The borders occasionally showed a polycyclic appearance. On the lateral radiographs the anomaly was seen to lie dorsally in the thoracic cavity. Large tumours were partially, and small tumours totally, projected towards the spinal column. In neoplasms located high in the pleural dome the upper limit of the lesion often blended into the shadow of the soft tissue of the neck (Figs 1 and 2 ). The size of the tumour varied from the dimensions of a marble to a very large mass occupying the entire thorax (Weiss and Koebele, 1955; Liaras, Houel, and Aprosio, 1956; Lasley, 1957) .
Tomography in the postero-anterior and lateral directions made it possible to determine the position of the tumour exactly with respect to the surrounding tissue. It also revealed that the localization is not actually mediastinal but in the sulcus costovertebralis.
The structure of the tumour can also be seen more clearly on tomograms. In some it was found to show lacunae originating from cystic degeneration, which could progress so far that a cyst seemed to be present. But histological examination showed that the wall of the 'cyst' was formed by tissue belonging to the lesion itself. Calcification also occurred (Bendixen and Lamb, 1926; Bergstrom, 1937; Parsons and Platt, 1940; Chandler and Norcross, 1940; Potter and Parish, 1942) . These calcifications were regarded as regressive changes (Startz and Abrams, 1938; Wyatt and Farber, 1941 ; Mandeville, 1949) . Usually, granular calcifications were seen more or less centrally in the tumour mass (Hastings, Pollock, and Snyder, 1961) , but some showed a shell-shaped extension of the calcification (Buschmann and Willich, 1965) . Calcification was infrequent in the intrathoracically localized tumours (Hansman and Girdany, 1957; King, Storaasli, and Bolande, 1961 ). An extrapulmonary localization of the tumour could be demonstrated radiographically after application of a diagnostic pneumothorax. The usual observation was a collapsed lung to which the tumour was not attached (Fig. 3) .
We induced a diagnostic pneumothorax in 49 cases; in 46 of these an extrapulmonary localization could be demonstrated and in three others this was probable.
Skeletal radiographs of the thorax were important for the demonstration of pathological changes in the spinal column and ribs. With an intraspinal extension of the lesion, enlargement of an intervertebral foramen could sometimes be found (Fig.  4) .
If the picture was difficult to interpret, tomography of the spinal column was useful. According to Ackerman and Taylor (1951) , erosion of the ribs or vertebrae may be an indication of malignancy. But very extensive vertebral changes may result in scoliosis; this finding has been reported by Bobretzkaja and Heinismann (1935) , Ackerman and Taylor (1951) , Ganz (1954) , and Razemon and Ribet (1965) . According to Love and Dodge (1952) , the enlargement of the intervertebral foramen is the most important sign of intra-spinal extension. They found this enlargement on 40 occasions in 60 hourglass tumours. In our material an enlargement of an intervertebral foramen was found on the radiograph in two cases; in one 'erosion' of a rib was observed. ' Radiologically, investigations such as myelography may contribute to the determination of the extension of an intrathoracic tumour into the vertebral canal. In some cases angiography, or radiography after the application of a pneumoperitoneum, may contribute to the differential diagnosis. For pheochromocytoma and tumours of the sympathetic nervous system, such as sympatheticoblastoma and ganglioneuroma, determination of the catecholamines in the urine was used for reaching a diagnosis (Jacob, 1962; Huebner and Reed, 1963; Mathey, Lemoine. Schweisguth, Buhuon, and Labrosse, 1965) .
THERAPY
Neurogenic tumours can be treated by surgical removal and, in some cases, irradiation or chemotherapy.
The mortality of surgical removal of neurogenic tumours was low when the mass was not so large that it caused functional disturbances. In our material one patient died during surgery and two shortly after the operation. In the first, death was due to a number of factors: it was a large tumour in a patient of advanced age who also had cardiac anomalies. Of the two patients who died shortly after the operation, death was caused in one by uraemia due to transfusion from an incompatible blood group and in the other by haemorrhagic diathesis of unknown origin.
In 111 patients the mortality rate was just below 3 %.
The post-operative complications associated with intrathoracic neurogenic tumours varied, but their frequency was low. In the literature mention is made of haemothorax, atelectasis, chylothorax, disturbance of the brachial plexus, and a positive Horner's syndrome (Binet, Lemoine, Galey, and Mathey, 1965) . In our material a pleural exudate was found in four patients, requiring one or more aspirations. One patient developed empyema postoperatively, and one had a haemothorax after surgery requiring a second thoracotomy. One patient, in whom a neurogenic tumour with an intraspinal extension was removed by thoracotomy, developed a transverse lesion of the cord, probably as the result of pressure from a remnant of the tumour in the vertebral canal. This transverse lesion persisted after laminectomy to remove the rest of the tumour. Temporary paresis of the brachial plexus was observed post-operatively in two patients.
There were four reasons for surgical treatment: difficult to find exact data on this point in the literature. Although neurilemmoma is said almost never to become malignant, malignant degeneration has been reported for neurofibromas (Harrington, 1934; Ganz, 1954; Thorsrud, 1960) . The percentage of neurofibromas that become malignant cannot be estimated, but the possibility should be kept in mind. The chance of malignant degeneration is also difficult to assess because ganglioneuroma also occurs in combination with sympatheticoblastoma. In these partially differentiated ganglioneuromas a biopsy sample may contain only ganglioneuroma tissue, resulting in an incorrect diagnosis.
DANGER OF PERMANENT DAMAGE TO NERVE S URUCTURES IN SPINAL CANAL WITH INTRASPINAL
EXTENSION OF TUMOUR All forms of neurogenic tumour can extend intraspinally. One of our patients developed a transverse lesion as the result of a tumour remnant left behind in the vertebral canal after excision of the main mass. An intraspinal extension was found in nine cases, and in five there was extension as far as the intervertebral foramen. A special therapeutic problem arose with respect to patients suffering from neurofibromatosis (von Recklinghausen's disease) with an intrathoracically localized tumour. This was usually a neurofibroma. According to the literature, the chance of malignant degeneration is great in these cases. Various authors calculate the chance of malignant degeneration in this group to be of the order of 10% (Hosoi, 1931 ; Stout, 1935; Holt and Wright, 1948; Preston, Walsh, and Clarke, 1952) . Surgical treatment has been thought to increase the chance of malignant degeneration (Hosoi, 1931; Clement, Delon, and Monod, 1942; Herrmann, 1950; Monod, Paillas, Pesle, and Labeguerie, 195 1; Cayla, Thenot, and Coste, 1963) , but this is not confirmed by Thorsrud (1960) and d 'Agostino, Soule, and Miller (1963) . It seems likely that the best policy with respect to von Recklinghausen's disease is to reserve radical therapy and to restrict surgery to cases in which there are complaints demanding removal, and to cases in which the tumour shows rapid growth. Our material included only one case of this type; no recurrence was found at a follow-up examination two years after treatment.
In our patients a postero-lateral thoracotomy was always performed to remove the tumour. This incision was found to give good access. When an intraspinal extension was present, it was usually possible to remove this part of the tumour by the same route. When this was not possible, the rest of the tumour had to be removed by laminectomy at the same operation or shortly thereafter. Laminectomy was required on four occasions. In the other five patients who had an intraspinal extension this could be removed at thoracotomy. This was also the case for the five patients in whom the tumour extended into the intervertebral foramen. When the intraspinal extension has led to symptoms, it is preferable, according to Ballivet (1949) , Merlier (1951) , and Love and Dodge (1952) , to start with a laminectomy and remove the intrathoracic portion of the tumour later.
In 96 of our patients a benign tumour was removed surgically. Two of these died post-operatively due to surgical complications. The follow-up showed that five patients had died of unrelated causes, without evidence of recurrence. In the 89 who were still alive at the time of the follow-up, there had been no complaints suggestive of recurrence. Ackerman and Taylor (1951) Patients with a sympatheticoblastoma presented a special problem of treatment. The evaluation of the results of treatment in these is complicated by the spontaneous recovery that sometimes occurs (Cushing and Wolbach, 1927; Ackerman and Taylor, 1951; Koop, Kiesewetter, and Horn, 1955; Bodian, 1959; Eyre-Brook and Hewer, 1962; Oberman, 1963; Swaen, 1966) . The chance of spontaneous recovery is greater the younger the patient, and amounts to about I to 2% for children under I year of age (Hastings et al., 1961) . The explanation for the phenomenon is not clear, and may not always be the same. In certain cases it may be assumed that the tumour has become more mature and that a ganglioneuroma has developed from the sympatheticoblastoma (Cushing and Wolbach, 1927; Farber, 1940; Wittenborg, 1950; Fox, Davidson, and Thomas, 1959; Phillips, 1953; Kissane and Ackerman, 1955; Eyre-Brook and Hewer, 1962: Swaen, 1966) . In other cases it seems more prob-able that the tumour has grown too rapidly for its blood supply, as a result of which necrosis has developed (Farber, 1940; Bodian, 1959) .
It is generally accepted that the prognosis of the intrathoracic sympatheticoblastoma is slightly better than that of the abdominal forms (Horn, Koop, and Kiesewetter, 1956; Gross, Farber, and Martin, 1959; Bodian, 1959; Hastings et al., 1961; Buschmann and Willich, 1965) . Sutow (1958) found no difference in prognosis between the abdominal and the other localizations. In infants the chance of a cure is greater than in older children (Horn et al., 1956; Gross et al., 1959; Dargeon, 1962; Hastings et al., 1961; Vinik and Altman, 1966 (Wittenborg, 1950; Gross et al., 1959; King et al., 1961 ; Hastings et al., 1961) . When radical excision was impossible, it remained important to remove as much of the tumour as possible.
Poore, Dockerty, Kennedy, and Walters (1951) found a survival percentage of 10% for therapy consisting solely of a biopsy; for the best possible excision of the tumour this value rose to 50%. A similar observation has been reported by Koop et al. (1955) .
2. Irradiation was given in the form of roentgen therapy after surgery. Pre-operative irradiation is recommended by Buschmann and Willich (1965) , but Gross et al. (1959) and Hastings et al. (1961) advise against it.
Wittenborg (1950) used a tumour dose of 800 to 1,200 r over 10 to 14 days, followed within three months by a second series with the same dosage.
Irradiation can be started on the day of the operation (Gross et al., 1959) . The danger of postoperative bleeding was not increased by this treatment. Buschmann and Willich (1965) advised a higher dose; they used 2,000 to 3,000 r with radical resection and 4,000 to 5,000 r with incomplete resection.
Irradiation of metastases is generally considered to be useful, although it has been found that better results are to be expected for metastases in soft tissue (liver, etc.) than for skeletal metastases (Wittenborg, 1950; Poore et al., 1951; Uhlmann and von Essen, 1955; Seaman and Eagleton, 1957; Hastings et al., 1961) . Cases of skeletal metastases with recovery are known. According to Buschmann and Willich (1965) , 16 such have been reported in the literature.
3. Chemotherapy has been reported to give reasonably good results (Buschmann and Willich, 1965) . Satisfactory results have been obtained, for instance, with cyclophosphamide (Sweeney, Trittle, Etteldorf, and Whittington, 1962; Gurrson, 1963; Weber, 1964; Sawyers et al., 1964; Thurman, Fernbach, and Sullivan, 1964) .
A somewhat unusual place is occupied by treatment with vitamin B12. The first publications on this subject by Bodian (1959; seemed encouraging. Bodian had treated 74 children, most of whom had extensive metastases, with high doses of vitamin B12 (1 mg. every 2 days for 2 years; after 1957 1 mg. per 7 kg. body weight for 3 years). He reported 33 deaths in this group. Twenty-eight children had been followed for more than 2 years. The explanation of the effect of vitamin B12 has not been clarified but could be due to a growth-promoting effect causing the tumour to exceed the capacity of its blood supply, resulting in necrosis, or to an influence of the vitamin by which a ganglioneuroma develops from a sympatheticoblastoma. Phillips (1953 ), Fisher (1958 , Isaacs, Medalie, and Politzer (1959) , and Knudson and Amromin (1966) also report good results with this treatment. A questionnaire survey to collect the results obtained by a group of American surgeons with vitamin B12 therapy, which concerned 103 patients, yielded no conclusive results (Sawitsky and Desposito, 1965) . Consequently, a final opinion on treatment with vitamin B12 cannot be given, but, because even large dosages of that vitamin do not have a toxic effect, it would seem advisable to apply this treatment consistently in combination with surgery and irradiation.
Our material included three cases of sympatheticoblastoma and four of moderately differentiated ganglioneuroma. These patients were treated surgically: a macroscopically radical operation could be performed in seven. High dosages of vitamin B12 were also administered (2 mg. every other day). The four patients with moderately differentiated ganglioneuroma had no recurrence after 4, 7, 10, and 17 years. Of the three patients with a sympatheticoblastoma, one died within a short time; the other two showed no signs of recurrence after 3 and 7 years.
Malignant Schwannoma and neurogenic sarcoma have a poor prognosis. The treatments of choice are surgery (although a macroscopically radical operation is often impossible) and irradiation. Our material included seven of these malignant neoplasms. These patients were treated with surgery and post-operative irradiation; one of them died during the operation. The follow-up showed that all the others had died of a recurrence within one year of the operation. These findings agree with the data in the literature: Ackerman and Taylor (1951) , Ringertz and Lidholm (1956) , Poole and Deeley (1963) , Heard (1963 ), Cayla et al. (1963 , and d 'Agostino et al. (1963) 
